Abstract-It is increasingly important that next generation of students must acquire problem solving, critical thinking and collaborative skills to succeed in their career aspirations in the 21st century. Technology plays a crucial role in assimilation of these skills. Among flourishing arrays of technologies, robotics provides challenges and opportunities to the learners in developing innovative ideas, disruptive thinking and higher order learning skills. In recognizing these potentials, educational authorities in the United Arab Emirates (UAE) undertook an important step in distributing Lego Mindstorms kits to schools to encourage teachers to use in their teaching. This paper explores the educational use of robotics in schools and how teachers can integrate this new technology into the curriculum. The paper also suggests the effective strategies in using robotics as an educational tool and how it will impact students' interests in STEM related subjects. Some recommendations to enhance learning activities in the classrooms are provided.
I. INTRODUCTION
Robotics has attracted high interest of teachers and researchers as a valuable tool to develop cognitive and social skills for students from pre-school to high school and to support learning in science, mathematics, technology, informatics and other school subjects or interdisciplinary learning activities during the last decade [1] . According to [2] , educational robotics has emerged as a unique learning tool that can offer hands-on, fun activities in an attractive learning environment, feeding students interest and curiosity.
Review of literature has revealed that Educational Robotics is a growing field with the potential to significantly impact the nature of science and technology education at all levels, from kindergarten to university [1] . Over the years, a number of robot construction kits for edutainment applications have been designed to improve and increase interaction between users and robotics artifacts [3] - [6] .
According to [7] , some robots have a static morphology (e.g. Furby), while others have one which is variable (e.g. Lego® Mind-Storms™, Fischer Technic robot). Robots with variable morphology give the user the opportunity to build, plan and program different kinds of robotics artifacts and has been built in accordance with learning principles derived from Piaget and Vygotskij's theories [8] - [10] of cognitive development, as revised by [11] , which portray learning as the Manuscript received February 25, 2016 : revised March 12, 2016 . E. Afari is with the Petroleum Institute, Abu Dhabi, UAE (e-mail: ernest.afari@gmail.com).
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acquisition or ‗construction' of knowledge through observation of the effects of one's actions on the world [12] . The constructivist approach promotes a kind of learning in which the educator does not transfer information, but is rather a facilitator of learning, leading the working group, and so the learner enhances his/her knowledge through the manipulation and construction of physical objects [13] .
Numerous researchers have endorsed Robotics as an educational tool [14] - [17] , with a number of literature devoted solely to using the Lego MindStorms kit [18] , [19] , at levels ranging from primary school to University [20] - [22] . According to [23] , there are reports of improved performance in Mathematics, Physics, and Engineering courses resulting from educational Robotics projects, although most of the evidence is based on the reports of teachers achieving positive outcomes through individual initiatives [24] .
According to [25] , Robotics offers special educational leverage, because it is multi-disciplinary field involving a synthesis of many technical topics, including Mathematics and Physics, Design and Innovation, Electronics, Computer Science and Programming, and Psychology. Results of past research have suggested that the pedagogical value of robots lies in making them work, through using or extending knowledge to identify problems, and argues that robots are a particularly motivating technology because they are concrete, complex, and relate to deep human needs [13] .
II. ROBOTICS IN EDUCATION
Studies in the field of robotics have reported that robotics have a potential impact on students' learning in different subject areas (Physics, Mathematics, Engineering, Informatics and more) and on personal development including cognitive, meta-cognitive and social skills, such as: research skills, creative thinking, decision making, problem solving, communication and team working skills, all of them being essential skills necessary in the workplace of the 21st century [2] , [26] .
STEM education is an educational approach that integrates Science, Technology, Engineering and Mathematics into a cohesive learning paradigm based on real-world application. Given the current shortage of student interest in STEM education, increased attention has been given to the appeal and attraction of Robotics [27] . As stated by [28] , educational robotics is an effective tool for project-based learning where STEM, coding, computer thinking and engineering skills are all integrated in one project. Educational robotics is rich with opportunities to integrate not only STEM but also many other disciplines. It gives students the opportunity to find new ways to work together to encourage collaboration skills, express themselves using the technological tool, problem-solving, and think critically and innovatively.
Educational robotics is a learning tool that enhances student experiences through hands-on mind-on learning. It also provides a fun and exciting learning environment because of its hands-on nature and the integration of technology [28] . The engaging learning environment motivates students to learn whatever skills and knowledge needed for them to accomplish their goals in order to complete the projects of their interest [28] . Pioneering efforts in school classes during last decade have shown that children are enthusiastically involved in robotics projects achieving learning goals and/or developing new skills (e.g. [29] , [30] .
In the last decades, in several places in the world, a number of experiments with the use of Robotics in educational activities have been conducted. These have focused mainly on university education, although a number of these experiments have also been conducted in secondary and elementary levels. Robots can be an entertaining platform to learn about computers, electronics, mechanical engineering and languages. It has been shown that young children performed better on post-learning examinations and generated more interest when language learning took place with the help of a robot as compared to audiotapes and books [31] .
Educational theorists such as [32] believe that robotics activities have tremendous potential to improve classroom teaching. However, [33] affirmed that there is limited empirical evidence to prove the impact of robotics on the k-12 curriculum [26] .
Educators have started to generate ideas and develop activities to incorporate robotics into the teaching of various subjects, including math, science, and engineering. However, [34] argued that without research evidence to support their direct impact on students' academic performance, robotics activities may be just a -fashion‖. Researchers have highlighted that most of the literature on the use of robotics in education is descriptive in nature, based on reports of teachers achieving positive outcomes with individual initiatives [33] , [35] , [36] .
Many researchers believe that robotics provides a tremendous source of energy that can be used to motivate children's learning. However, [34] cautioned that we need to understand what exactly robotics has to offer to the educator before jumping into conclusions.
Ref. [26] identified the potential contribution of the incorporation of robotics as educational tool in schools, and presented a synthesis of the available empirical evidence on the educational effectiveness of robotics as an educational tool in schools. Ref. [26] reviewed recently published scientific literature on the use of robotics in schools. In general, the results of the articles showed a learning gain with the use of robotics [33] . However, other articles reported situations in which there was no improvement in learning [37] - [39] .
According to [40] , robotics can be used for discovery learning, collaborative learning, problem solving, and project-based learning in education. However, they believe that these approaches have to be reshaped towards the context of modern society. They proposed some ways to use robotics as a tool for learning physics through experiments that are set up according to inquiry learning stages (setting research questions, hypothesizing, planning experiments, collecting data, analyzing, making conclusions). Ref. [40] recommended that robotics and inquiry learning could also be used in other STEM subjects as well.
Ref. [41] noted that robotics can be used as MindTools in education. The positive learning results from two case studies on physics and programming teaching indicated that educational robotics can be used as MindTools supporting knowledge construction through the design of meaningful authentic projects, learning by doing in both the virtual and real world, facing cognitive conflicts and learning by reflection and collaboration.
The review of [42] showed that robots are primarily used to provide language, science or technology education and that a robot can take on the role of a tutor, tool or peer in the learning activity.
III. LEARNING APPROACHES APPLIED IN ROBOTICS EDUCATION
The main theories behind educational robotics are constructivism and constructionism [1] . As agued by Piaget, manipulating artefacts is a key for children to construct their knowledge [32] . Educators" role is to offer opportunities for children to engage in hands-on explorations and to provide tools for children to construct knowledge in the classroom environment [1] . Educational Robotics creates a learning environment in which children can interact with their environment and work with real-world problems.
Robotics education can be traced to constructivism [43] - [45] . The constructionism is based on the idea that human beings learn better when they are involved in planning and building artefacts that are significant to them and they share this with the community. The integration of robotics in education can provide students the opportunity to develop interactive thinking [11] , [32] , [46] , [47] . Within a constructivist learning environment, students have the opportunity to manage their learning. Also, students are able to cultivate mathematical and scientific skills. Students are able to understand the connection between theory and practice, as well link what they learn within the classroom to reality and nature [5] , [48] .
Ref. [49] suggested that teachers can design activities through the use of robotics that help students to explore new concepts and new ways of thinking. According to [50] , students can develop their technological literacy and engineering skills through these activities. Studies conducted by [51] and [45] revealed that robotics used as educational tool might help students to develop the knowledge and skills required in order to survive in the ever-changing, interconnected information society era of the 21st century.
IV. LEGO MINDSTORMS
Lego Mindstorms is an assembly kit that contains building block pieces and a programmable control unit that can enable one to build a number of robots. Among different models available, Ev3 is particularly designed for educational use. A
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and an assortment of mechanical components. The components are in the form of gears, belts, shafts, wheels and connectors. The standard Mindstorms set also includes four sensors that are useful in robotic devices. These are touch, sound, light and infrared sensors. The touch sensor is a switch for detecting contact or controlling program execution. The sound sensor which is a microphone that can be used to detect or record sounds. The light sensor is used to differentiate between light and dark and infrared sensor which measures the distance to an object and can be used to avoid obstacles, follow target and detect motion [52] . The main component in Lego system is the Ev3 brick and it is a small computer that controls a robot's motors and sensors, enabling the robot to move around by itself. The Lego Mindstorms allows users to assemble robots, program the movement, interface sensors and motors without focusing on technical details. The process of assembling and making the robot work, involve basic understanding of physical and design principles and elementary programming skills [53] .
Ref. [54] noted that Lego Mindstorms is suitable to use in educational settings due to the following reasons.
Versatility: The system allows students to design, built and program a variety of devices by using ready made plans or the plans that are shared by other users. The reusable nature of Lego bricks allows students to design, built and test easily without requiring special assembly skills.
Student appeal: Lego Mindstorms are popular among children who are used to play with other mechanical devices. Students are keen to get hand-on experience in assembling different parts and create a moving device. Students gain immediate satisfaction once they can successfully build a robot.
Features: The Lego Mindstorms kit includes all necessary components to build variety of robots with the use of sensors, motors and programmable device that control the movement and reaction of the robot.
V. ROBOTICS INITIATIVES IN THE UAE
The United Arab Emirates Government has recently launched UAE AI and Robotics Award for Good, with the intention to support innovation in the key area of artificial intelligence and robotics as part of the UAE's commitment towards the National Innovation Strategy. This initiative offers a first of its kind global platform for innovation, focusing on the practical side of this technology in areas of much relevance to the society such as health, education and social services. The prize awards includes USD 1 million for international competition and AED 1 million for national competition for the best use of robotics and AI in improving people's lives [55] .
In line with its vision to adopt sustainable education based on technology, the Ministry of Education has implemented two major projects in public schools to equip students with scientific skills, and enhance their innovative thinking and creativity. In the first project, 'Robot Bag', the ministry provided 250 public schools with 'Robot Bags' during the past four years as part of its efforts to enable the students to participate in the 'Robot Olympics' which will be launched by the ministry. The ministry also provided 54 schools with high quality 'technology bags' as part of its project 'Globe'. These bags contain tools that can assist students in environmental research, and enhance their capabilities to conduct scientific research and develop real solutions for key environmental issues [56] .
The educational authority in Abu Dhabi, Abu Dhabi Education Council (ADEC) has been actively involved in promoting the use of robotics in schools as educational tool. The aim of ADEC is to encourage students to engage in innovative and creative activities that require STEM related knowledge.
The educational planners are aware that robotics is a wonderful platform for learning 21st century skills. Solving robotic challenges builds innovation, creativity and problem solving skills in students, and because robotics crosses multiple curriculum subjects, students must learn and apply their knowledge in science, engineering, math, and computer programming. The most rewarding part of designing robots is that students have fun, work together as a team, and learning occurs naturally. Throughout the world, robotics is recognized as a popular way to get young children interested in science, math, engineering and technology. Many students are very excited at the thought of building and programming robots.
In 2008, ADEC was appointed National Organizer of the World Robot Olympiad (WRO) in the United Arab Emirates. The World Robot Olympiad is an event that brings young people together from all over the world. It is a combination of science, technology and education. This event will allow these young people the opportunity to develop through various robotic challenges and competitions. During 2009, the program to equip schools with Lego robotics kits was expanded to include all Abu Dhabi public schools catering for Grade 3 upwards. By the end of 2010, junior robotics kits were supplied to public schools catering for Grades 1 -3. The Emirate's Private Schools and other significant educational institutions were invited to participate in the program during 2011. The robotics program targeted improving science, technology, engineering and mathematics skills and knowledge of students, while focusing on the development of their problem solving, creativity, innovation and collaboration skills and aptitudes. ADEC believes that robotics offers students a real challenge. It can be used to aid in preparing students for the future requiring them to be active in their learning.
The ADEC Robotics in Education Program had its beginning in 2007, when the concept of participating in robotics competitions was bought to the Council's attention. The objectives and outcomes of these competitions complemented those of ADEC. According to ADEC, WRO in the UAE has been growing rapidly. In 2008, 29 teams participated in the Challenge. In 2011, 602 teams participated across the UAE. Over 300 teams competed during 2012 in a competition with a reduced number of categories, while in 2014 more than 420 teams competed [57] .
ADEC organized WRO UAE National Robotic challenge which took place on September 27th -28th 2015 in Abu Dhabi (See fig 1) . 300 teams including students from different age groups across public and private schools in the UAE took part in the competition. The teams competed in three different categories, namely: (open category, regular category and Football WRO GEN II category). 18 out of 300 teams were selected to participate in WRO International finals held in Doha, Qatar which was held on November 6 -8th 2015 under the theme -ROBOT EXPLORERS.‖ The World Robot Olympiad (WRO) is a LEGO Mindstorms based robotics competition with categories and age groups catering for students from Grades 3 to University Level. The competition is hosted in a different country each November, with over 50 member countries and more than 20,000 teams competing in the challenge annually. The competition is designed to develop skills and inspire enthusiasm in science, technology, engineering and mathematics (STEM) by bringing together teams of young people from all over the world and challenging them to use their creativity and problem-solving skills to build robots capable of completing a range of challenges. Fig. 1 . Students competing in a WRO National competition in Abu Dhabi [58] .
The WRO initiative is part of ADEC's 10-year strategy plan to provide students with world class technology education through innovative and challenging Science, Technology Engineering, Mathematics (STEM) related activities. According to Dr. Najla Al Naqbi (ADEC's e-Learning Program Manager) the aim of ADEC is to encourage students to think critically, apply knowledge, reach solutions, work as a team under pressure, and experiment in a very short time span. Dr. Al Naqbi has also mentioned that ADEC will continue to encourage students to take part in WRO and similar innovative activities that require them to think critically, teamwork and challenge [58] .
The 2016 WRO and First Lego League (FLL) will be held in India under the theme -Rap the Scrap‖ -which includes designing robots to help reduce, manage and recycle waste. The Regular Category for the competition includes three different challenges for elementary, junior high and senior high students. The challenge for elementary students comprised of designing a robot to help a child clean during his or her journey to school, starting with making the bed, all the way to cleaning the school's playground. The junior high challenge includes designing a robot to collect certain kinds of recyclable waste from home into recycling waste bins to be picked up by the Municipal Service. The senior high challenge includes making a robot that brings sorted waste stored in recycling containers to the corresponding recycling tank at a waste recycling plant.
ADEC is organizing the 2016 UAE National Robot Challenge to help qualify winning students to take part in the 2016 WRO and FLL in India. ADEC has therefore invited over 400 coaches, teachers and mentors of robotic teams and clubs, to learn more about the UAE National Robot Challenge to be held on June 2016. ADEC has implemented robotic clubs and innovation initiatives and are confident that they are more than capable in winning some of the educational robot competitions. With ADEC's robotic initiatives, students in the UAE are now intrigued to learn more about STEM education, since it encourages them to challenge their problem solving skills and become innovative, creative, think critically and search for solutions VI. CONCLUSION In this paper the concept of using robotics as an educational tool and the features of Lego Mindstorms have been described. In the 21st century learning context, engaging students with technology is an important pedagogy to gain attention and increase motivation among students. It is evident that the use of robotics will improve the students' problem solving and algorithmic skills. The students will also have an opportunity to engage with authentic activities. Such experience is essential in transfer of learning to the real life scenarios. Additionally, the process of planning, assembling and operating robots can stimulate creative thought and encourage critical thinking. Robotic learning usually take place in groups and collaboration among peers and social interaction process can further enhance the complex learning process.
By recognizing the potential of robotics learning, educational planners around the world are implementing various initiatives in schools to provide opportunity for students of all ages to learning with robots. It is expected that these initiatives will grow further in the years to come and teachers and students can fully exploit the efficacies of robotics. It has been well recognized that the world is changing rapidly and innovative ways of teaching are necessary to scaffold the learners and challenge them with novel problems. Robotics will play a crucial role in achieving this.
